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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a large-area GaN substrate 
of a two-inch wafer level, in which the separation of a GaN layer from a 
sapphire substrate can be easily controlled. 

SOLUTION: In a semiconductor, a semiconductor layer, having smaller 
band gap energy than a GaN semiconductor layer has, is interposed 
between a sapphire substrate and the GaN semiconductor layer. 
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[M&g 2 ] Sgltf) W*JItf'>& < «> InJR? 

[nt#s 3 ] m—<o^mms < t fcAsii?*^- 
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fctfUPA (GaN) 3ROIII-V0KI:«tt¥«f*j^R?O 
50 7^7 (A 1 203) <*>Wfl3iX CSiC) «OS4S«4EffiSn 

cooo3] coisnBfteffi^u— tfcs^-r^etc-o 

S 1 rjournal of Materials Research, 

Vol. 14 (1999) pp. 2716-2731J CCDtfaXX* 
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£-ti\ ^<D±l£:GaN*a«ffi^|S| ^flJcft^-^ 

[0 0 0 4] $^c, «3fiK*oT, U— y<D^^M, « 

^jgfig. jsaftftiifSBWt-FftwPicwfijaQaNafi 

«rf^8i-rS»f^SA,K:ftoTV»S. ^2<DifiS: Uapa 
neseJournal of App I ied Physics, Vol. 37 (1998) pp. 

L309-L312J Ttt, ^77"f7Sfi±tBeSUrcGaNe 
S 1C *3I/>T -9" 7 r -f 7fitg*WJBTBiJ^-r S ^i*-pGaN 
S«^fSCi;*^£nTl/>5o ^3 TJapanese 

Journal of Applied Physics. Vol. 38 (1999) pp. 26 
19-2621 J t»tt, *»fb^hUfA (NaOH) £fij£i$ (H2S 
50 04) jStt*fflV^fc">x«> r-xy^-y^lcjcD, -9-77-1' 
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78ffi±fc:j£g LfcGaNJSJItf U-7 r-C TStSfcGaN&JI 

#ISBT&Si;£nTl/^o HSIfc:, ^4©^3t TJapa 
nese Journal of Applied Physics. Vol. 38 (1999) p 
p. L217-L219J T'«s Nd: YAGU— *f©SS 3 TS&m%mm 
L U— tf *JBM* "T 3 c i: lc <}: 9, if7r-f 7»«ttifi 
T'GaN$3H£#i$ CJ7h*7) T*£ 5 C i: *><t*S ttT 

•9-7ri'7 , f:GaNOS»K!S«§SMK:j:»5, -9-7 r 

-r « m*# mes n-f > #*©M«pttic * w- a raws 

CO 0 0 5] 

-4y=j-Vx.;\— u^;i/co^:ffi8l<OGaNa«3!)^saT* # S 

[0 0 0 6] 

immzm®:? ztcitxD^®] *&wfc&2>3n 1 <o*m 

hGaN^S|<*:«(DKtc v MiHGaN^JSWl * 0 fe^O 
a*«ATV^*. SfH <9¥^**©i!BS73 Ga 

m*m&m& t> t/^K^ y yx^u^-o/hs^ 

»{«B«ttJMt3WttT U *:l8*±tf#^F (70 

K*Uffll1££<|tfc*S4-U »«h±S<OGaN|R##ft:^«: 
*«±«OGaN|S¥#^lCiDto«ffJiMa, fl#fi£ig 
N^^#(*jlK tt ? 7 y 5 < , GaN«ffi<0*® 

[0007] ^micm^>m2(D^mwom&^mt. 
wim<DS&>*Mf£u mem 1 <D*m&mmxmas^ 

T, •9-7rf7'»«i:GaN^^iS(D^»C'>*< ttl 
n£"£tMnxGa1-xN (0<x^1) &¥S9W§ ; S:fiKgS'£5 

[0 0 0 8] m2^S?^©Saji7?i*lcJ:5i:, InJM? 
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ii>»c, -9-7T-Y78«i:GaN^JS^*5i-S5a-rscfc 
[0 0 0 9] *SBKft«g30¥illttSl£:&&(^ 15 

sH?*$£yl I \m&<t%l& K> 

JM*m%.X\,^o AsJgC^£r#iyGaN1-yAsy (0<y<1) 

U— IfJttRMtlc J: t>, AsM^fc^tr^JSWltfjS 
[ 0 0 1 0 ] « 4 <D¥Stt©8i3t7j bOIB^ 1 <0¥ 
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CC0fci6s /^V yx^/^-co/jN^V^«i*S 

[0 0 12] M6<0^«:(D§!jg73i*»c<fc5i:, ntlB^ 
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7 7"t'7Sffii:GaN^SSft:^^gi-r« C jb^HBK 

[0 0 13] *^t«5^7<D¥»ft:<DSaji73^C<t: 

;l/t*t)/^K^t <y 7"x^;l/^-©/J^</M I l&gfk 

^ci6. ^re-fOx-y hx-yf-y^igJip-tscfclcj; 
») , *V v T'x^/l/^-C/h^v^^MsbW 
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^»#®«rS«WtcS^I^SS-^, •y-7r't'7SSi:Ga 
[0 0 15] *»Wfc«*JS9©¥S*{*«>BliKfffifc<k 
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ZtiZtztblc. ^7 7^7»&fcGaN&¥#WS*#8l 
[0 0 17] #fgBJik:^5ft 1 1 o¥$ttOlGi£& 

SXig«r<S*TVSo ftl 1 <7D^<*cDS<3i7Jj*{c«};S 

, Gatm^mwm <t o & ^ < <o i n mtt^tsy-mws 

ffi*5 *lf±BOGaN3Si|iJ)|f*:B J: Dt^vF^v 7i 
#Vb£V->j&B(i&<, 0!|*JfAlz(lnxGa1-x)1-z 
N (0<x<1,0<z<1) ©4 7ctiST*fe-pTfe <fc</\, 

xy*>^fc J: D C Lfc¥#WI 

»fc»JfPttA<l»£;£*U «Sk±BSOGaWMHWWH 

t fc ¥t»{*/f a^si-t s fc to fc , sffi^e torn t GaN 

[0 0 18] ^I^K&Sft 1 2 0¥Sli*OS!Ji73 »t 

zzt. mean 1 o*swMna*ttte^^T» &M7 

x-;l/t J: t) lnii§^££<§t?l llj£g{t^<i:!>fcS¥ 

it^r-i'TSSiiGaN^Jg^^Si-rsci:*' 

[0 0 1 9] ft 1 3©¥^<DlH>S73^tCc}:§i:^ me 
ftl 1 <D^f*Sy^S»Cfel,>T. 7X7 H7f^' 
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fcGaN^3g#^«:»S|-r & C t OTJflBIC& 
[0 0 2 0] *3HElc£&aft 1 4 <D¥^<*<OSaii73Sk: 

jest, mefti i wstti^jitcfc^T, gsi$7 
x-;i/»c .j: o i nm?*& < ^ty 1 1 1 wm\tm <* o & * ¥ 

fc, ^7r^7g&fcGaN&¥^Wf£#iSlTr£Cfc# 

[o o 2 i ] ft i 5 (D^mwnw&xmt., mieft 1 & 
.ttffti i cr>*m#mmxmcts^T, mmtwgfeti 

2> \ I l]£g{fc%<}; Ofc&^SIWf #AlzGa1-zN (0<z^ 
1) -P^BK^nSilfc^tafrSo C<DH-g\ AlzGat- 
zUM tti!SillS£tfGaN3&J3li© *t? & »S5ftif> 
IC, Sffi^e.Alz6a1-zN^«r»gS-rs^(D^^-^S 

AlzGa1-zNSS*M^SKf€5/-ci6k:, GaN^«^fe 

i"—4fttm*<Dmts&xf£&.m : e— wmmtftemicte 

20 2>o 

[0 0 2 2] ft 1 6 <o¥m&<D$n&?5mt, mfBft 1 fe 

*o*ft i i v^mftm&Jsmcts^T, mfa&w&vz 

[00 2 3] 

BMOHflWiNK) (ft i o^fiajgfig) 

jo ftiwsss^tt, itc^igso^^fcfflv^p.ns 

t?^SGaNSfico^:ffii»{t:«rll^T#S J; ? tcfS c t 
[0 0 2 4] tTF, *^W«Dft 1 ©*SSmifcJ;S^# 

[0 0 2 5] 0 1 (a) ~ (c) fi*Sttt&ttlcft«¥8 

*S^g^-rs. Si^T, KlS*Prt£JE73# 3 0 OTorr 
©7j<^Hfttt, iaK«r$*Jl 1 OOttST-^SU 

*& 1 1 *%mL&m<D*)— v-->7*m 1 o 

[0 0 2 6] ^tc, 5/t>itP^5 0 OtK^-m&Lfc 
^, ftffil 1±K, ^SiB2 5mo\/min<Dh } J ^^-^ 
(THG) «if&ffi*n. 5L/min<97 ytz7 (N 

H3) *+U7#XfcLT7kfgi:£|B]imc&Jg-f 
50 5CfctJ:t)> Jf**<2 0nm£OGaN<};(5%i.{gja^y7 
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7»«ja»*«*o m^T, sistp*^ i o o otic* 

tc, fflfi*iKi8oo > cte*-eBjau *^'J7^x*7j< 

fcTMG*#J&LTJP**<ift 1 0 Onm<Dln0.2GaO.8Ncfc>)ft 

cofis^i ooo , c»csTSiab*-v , jr^*sajR 

fr&TkJRlcRLT, ffStf 3mn<BGaNBl 4£r/£g£-£ 
§ (0 1 (a)) o 

[0 0 2 7] E/S*PA^Sffi*ffit)WLT, &&&&& /0 

m-tzrcsbic mmm^mwm (tem) st/huvc, «ji 
fic^AoicMEfiby. &fawm 1 3 TasttfcTfr* 

Jl 1 3 WiGaNJi 1 2 fcOft^P^SE-g-fc^S^a* 

So S6^cx*;l/*— ^»X»»Jfcffi (EDX) lc£t)S§/£ -20 

BTf/i (0 Kb)) o fit±**&* SfKftBHl 3tfffl 
»d«3l*iBcbT^«ci:*to*ofcc Six I nS§/£ 
OgH^Bttl 5 TO I nfflj«ttj|fil3 0%T»«o^ o 
[0 0 2 8] SttftBB l 3 0*5Mi«*il«* 
BMILfco ff»iEi:ra«K:*7r-r7 > *«±fcGaNJB*ln 
mfiR*Lfc», lnO.2GaO.8NS* 1 0 0nmi§ffi;*-£So * 

com, *t «; 7f xtis^iTSfiiT'ffiai, s 

x—/l/B*B* 1 5 3h 3 0$h I mmt LtctCZ, r 

--/wsraott ante fc siaaj««affioft^ii < 

(SEM) £J:t>£AKB*:B&'rS£* T~->mm<D 
mtlllc t fc&VMnO. 2Ga0. SNB^lCatfl' KjtfSS^l/TV 
<«T««te*o«:o OSD> J»W7--;Hc*0ln0.2G 
aO. 8H»Tffi#B# 3 l*fiC «nfc C t&t>frr>tc 0 

[0 0 2 9] LfttfoT. S&#gfUS 1 3 0«»«tt« 40 
1 0 0 OXJT^GaNJl 1 4 e*8R£Lfcfe<D 

[0 0 3 0] AftKTtt. HWE««©EtfaFfr&«« 
£S&9ffi*r*u GaNBl 4 1 1 *Jfr& 
(0 1(c)). cntt, S«#lffiBl 3T*ffl#8(i 
MGc 9. GaNjf HhSfil l OttttH&d&XtfB 

<ftoT^5ft»T8«, C©«fc3fcLT*#S*lfcGaN 

-rtT*5y*0££ttftfrofc o *fe* BrffiSEMgigS 
d:0^ Sffil 1 tGaN/1 1 4 li&fcftffim 1 3 Tftfl2 50 
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3«rWA-r*Ci:lcj:0, MM£* < S« 1 1 tGaN^ 
1 4 Cfctf"?** GaN/S 1 4*2^>^»>X 

[0031] (& 2 ofttrao *smzvk*nz*>* 

[0 0 3 2] WT, *BW©B2©*^ttfci*¥* 

So 

[0 0 3 3] B2»^M^IBR:A«¥«^OBii#S 
fc cfc 0 {^Si « tifc 1 1 1 £S< b» J: 0 * £ OMAR 
BB*S*LTl^* 0 *f\ ^77^7.);t)^S«2 1 
0«B*W*W*fflif^TMS»*frft9o »»L 
fcStS2 l^MOVPE^B CBtRhH") OKJ&JprtcQ^-tr 

rt*BE**<3 0 OTorr<D7kJg5?H«£ U 1 1 

0 0t:K:*TSiBLTS«2 1 *4n»L*fflOU— 

[0 0 3 4] S^tP«r^J5 0 orfclSTBiaUft 

Iffi2 l±K, «Jg«2 5mmol/min<7)TMG^, (WM 
g#7. 5L/min<QNH3£, 4 1 * U TjffXi: LTTkJfii:*: 
BWfcttlW'SCfct.fct), J»S#2 Onm4)Gal«:5ft 

0 0 O'ClcgTHiSU imna)GaNB 2 2Sr^c5 
^^S 0 NH3, 7;b^>> (AsH3) 43J;tfTMG*«IS 
LTB 1 0 OnmcoGaNO. 96AsO. 04<fc t) *S»ffi^ 
lM2 3*tf*««o ^O^, AsH30«ttft*ffjhLT 
J**tf 3mm^GaMJi2 4*figS^-tirS 0 

[0 0 3 5] SEM*fflV>T, eSj£SBO»rBBlK«:f7 
fco/co *^«JR, BS»B»2 3*K:*«0#^KW 
RSbTV^cfctfbfroft, ctilt ±fSO (Bio 
ussjgM) kra«fc, 1 0 0 orT-OGaN/f 1 4 <D/dc 
g^tc. S«»gtei 3©*B»«*^«BSfeLftfeOi: 

[0 0 3 6] *fi«7«, MQVPQKBOiEfKjP^BBB 
*Kt)mfi:> GaNi!2 4fcS«2 1 

Ctltt. «B#BW2 3T«#BjWBC0. Ga 
Nl2 4tSfi2 10BHntS«BBtfB<3B:oT^« 
fc^T&So COcfc^tcLTtf 6nfcGaNB2 

1 £GaNJB 2 4 2 3 T»B«tlTt^* d t 
^58E-e*/£o LfctfoT, S«»«B2 3*«A"r* 
Ctfclck?), 3?JS914<t < Sffi 2 1 i:GaNS2 4 *»Bf 

GaN^2 4*2^^XA- 

^ffifflGaNSffit Lx&mtzc ttmttvb*. 
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[0037] on 3 (ommmm) *%wic&z>m 3 <Dm 

M&mt, ±tC&i£ft©5?ftfSi^tCfflt^n£GaN£¥ 
[0 0 3 8] WT> *aigOft3 0Xtt£ffilcj:S¥* 

So 

[0 0 3 9] H3tt44l^l(iCff«¥«fl^aiXDSrtt 

t J: o ft s tut 1 1 1 mmm * t> * « 

I0S:ibTV^. £1\ -9- 7 r-< 7 J: Oft* Sffi 3 l 

fcSffi 3 1 *M0VPESB (SK^Tf) OK*»»rtO-9-fc 

rt*BE*3^3 0 OTorr<D7j<iSt3?B^Ci: U }Sft*r*«J 1 1 
0 0*CtcST?»iabTS«3 1 «rftlS»Ua®0-9-— 

[0 0 4 0] 3WC KJS*F£**J5 o ortc^TKrab/i: 
*«3 l±tc, 0MSS2 5nmol/minCDTMGi:, Wfg 
m&7. 5L/min<DNH3i:, V TiJXt hT*ffkt%: 
W%\c&Mi-tZ>Z.hK.&K>, mZftZ OnmCDGaNcfcOft 

0 0 0 *C\Z $ T-mS U JP2 tt 1 mmOGaNjf 3 2 ^rfigS 
*^3„ #tfc, NH3, *X7-f> (PH3) fe«fctfTMG^ 
ISLTJP2;W 1 0 Onm(OGaN0.96P0.04<feOft«*ffi^ 
W13 3«rfigS?-^So ^Ot, PH3<0{$fS3:ff±LT 

3mm<DGaNJf 3 4 5:fi!t5£-bt:3o 
[0 0 4 1 ] SEM£/B^T, ISAj3U5K<D»rffi«S«:fT 

S^LT^SC htflfrfr-otze cn&> ±fE<E> (Htl© 
HiSJ&fig) tmmic, m 1 0 0 0 c CT?<DGaN/g 3 4 <OfiK 
««ffc» I£^SI13 3<9tl#!$tfg^f^L;fct,CD£ 

[0 0 4 2] fi£g3$7&, M0VPEaBOSJS*P^5»S 

*%LK>\&-tt, GaNjf 3 4 i:Sffi3 i *^3•l&T♦;lr£iI•a■ 
*<;J&&. efts, s«»taui3 3-pffl»iai^jecD, Ga 

NH 3 4 tm&3 1 Otttttt&^a&tfS < ftoTt^S 
tzib-e&2> 0 C<0<fc9icLTt#5>ft/cGaN;i3 4 £D*SA 
^®*SEM-e{lSLTfe, 2l'^ , J'X/\-rt-p^7 t v 
^O^t±ft*^fc:„ £fc, HSfrffiSEMfflgSJ: »£3 

1 fcGaNJ13 4aStiftMM3 

fftmvzfcc Ltctf-oT. m&ftmm 3 3 %mx-t z> 

C t KX. 0 , *JW1S«fc < Sfi 3 1 fcGaN/f 3 4 ^r^gH-T 
5 GaNS3 4 £ 2 I^^X/n— ]y^)V<D 

[0043] (^4 (Dmmmm bit, *nw(om a <o 

JHBtt* ±JC^S<0|?7t^tCffl^P,nSGaN^Si 
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[0 0 4 4] «Ts *«W©*4O*«0g»lCJ:*** 

(MSBfi!)BBS»ffiO»lB»coii^TBliW'r*. 
[0 0 4 5] Si£Aiag#8;*5J:tflSAj8ft^®*t 

[0 0 4 6] ^Sfi8S^OS«*B8gl!53SSK: 
88S3SU gSRSfflSt^TJft 1 0 0 0 'CTe^cO^WT 

tt, 7-— ;l/}gS«S5V*!b^S GaN/f 1 4fr 

/o &0SjRig?t6^^o^^-^*#iS-r s ti 2 o o t; 

SIJ'B^&StEiSrffiOffl-rfc, »« 1 1 fcGaN® 1 4B 

fcGaNS 1 4 €)?5^^S^rSEMT*m^ LTfe. 2f'>'?- , > 

x^— fax*? 9 >y ^«DS^«ft*>o fco 
[0 0 4 7] $fc, WffiSEMW^<fc t)> S« 1 1 tGaN« 
1 4*i»«^l8Wl 3T»8i$nTV>«<li;^Hl^!-Pt 

*m?ZtlC£0. *iJt»14<t<S«l lfcGaN/il 4* 

GaNJS 1 4 * 2-T >^^X/>-U 

5 0 i^x 0 4£OJ;'5fCs ^±«<OGaN^ 1 4*AI0. lOGa 
0.90Ng4 4 t a^7-- ;]/fc±*ISa^ 

-i^cD^S^S^^ < < 45. CfttiAIO. lOGaO. 90N^ 
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^atc*5t/^T, K(MK&tflNffi**ftK-?£ SGaN 
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[0 0 4 9] WT. *^0ffi5 0l£tt^nicj:«¥« 
40 (**«<0aBa*aoBlfflli:"3li^TBIffi*#J!ai/«:* , 6Bi 

[0 0 5 0] 0 5 (a) ~ (c) «*Hfig»SSt«5#« 

[0 0 5 1 ] S^*, ISA&S#&&J:tflSA£SJB0*l 
««±ffi«0 (miOHfiSJg®) i: S o 7c < 1J-7 
7 4 7S« 5 1 ±IC . GaN^ 5 2, I nO. 02GaO. 98Nfi£# 
5 3 fe<t t/GaN/f 5 4 t fc 0 

[0 0 5 2] i^lc, ISAjftfittOSfi (0 5 (a)) *5ffi 
SEfcU^K (H2P04) om^jS^tcSL, t-^-±T* 
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II 

i;GaNJl5 4 l*fftHS»Sn (El 5(b)) % * 

©&GaNJl 5 4 £S5t *) ffl IT. iSJ567j<T7K8t 
i£®£-e«>o COJ;-5»cLT'#e.n/'cGaNS5 4«S 
EI«;&fT&5i:> ra&&Kjg0t-SJgfcti££g[© 
X -y ^ t? -y h tiBigSa? nfctf * 7 -y 
fe. 8rBSEM{8£«fc»), a« 5 1 hGaNS5 4tt, 

5 3WK5 6 f#iSt?x <y f- > ?ffii$. 5 7 
tfitffU tom^T^St tWt>frr>1t (05(c)) „ 

^fifi-TCfclCfct), ftiJ®14J;<««5 1 tGaNjI5 4 
CfctfT?*, GaNjf5 4*2Y>f)I^- 
L-^;l/CD^ffifflGaNa® i: LT<$ffl-f 3 C i: Rj^ffe 
£ e ft, -?x<y hx-y^^'cDM^ ±fE© (3?4©|g 
fflBHB) 0«W7=-;l/*ltl/T6< GaNB5 4 i: 
»«5 l©^l*U0-Si:Safc«:5o CM« S»W 

tftf-r FtfatLT* t> , x>y^>^^ss^ss 5 

3-C f aSL J f'-r<^:5fc46-efe5o $7c, GaWf5 4£:A 
10. 10Ga0.90N)li: Lfcil£\ ^x-y hxy-T-V^'tcfcS 
USA J*D»g*Stt»C< < cnteAIO. lOGa 

5. Sfc, AIO. lOGaO.QONSffi^SlT^S 

C 0 0 5 3 ] OR 6 ©f?ffiJ£!«) «T, *»9§©iB 6 © 

slit, ±ws««©«Jw?icfli^sn*Gaii*¥* 

[0054] mt» ttmv>mG<onmmmic&%>¥m 
wr*. 

[0 0 5 5] 06 (a) ~ (c) tt*Hfia^filtc«5*3» 
{*gfi©§!5fi?j r£©lg|ll© WfittJft&CT L T </ ^5 o 

[0 0 5 6] Sf, *3Aj£g??i£*5<fct>13Aj£g/i©*l§ 
jfifctxIE© « 1 ©Ilf I) kS9ft<B*P, "9-7 
r 7ttS 6 1 ±(C, GaNjf 6 2 , I nO. 02GaO. 98Ngtg# 
SIS 6 3 fe.fct/GaNS 6 4 ^jftgLfco 

[0 0 5 7] 3WC» *SAfiKS&©SIS (0 6 (a)) 
— tf3tt*J!Mrt-*. ffiffl t/iU—if 3t»4Md:YAQU— If© 
Iff 3 iSIg&T?$>£o U— tf)t«r2-Y>?->x/N— rtt?7> 

Ci:T\ StR6 1 fcGaWf 6 4 
£ C i: € 7c 0 C ©!§-&, U-if ^(DGaNjf 6 4 ^\© 

*fft£P.8«-rS/jtf#£ U> (06(b)) . C©<fc9»C 
LT»&hfcQaHJH6 4©ISA*ffi*SEre««LTti, 
Z^yf^i/wrtT^?'? *©f8£lisS:frofc„ £ 
fc, Br®SEM8tfg,j: !3 , g«6 1 £GaNM 6 4 litttgtfgft 
»1 3"«Wi*nT^*C4:jWiBT?*fc (06 



(7) ftffl 2 0 0 1 - 1 1 9 1 0 4 

12 

(c» o Uc*bt, »«»WB6 3*»AbU— IfJtt 
S8&f£fi&f C t IC <fc 9 , Mfttt* < S« 6 1 fcGaWI 6 
4£#S$-f5<:i:;b<T-t> GaNjf6 4*2i'>'^'i7X/N 

w, u-ifjtjKWottfc, ±k© (m4<ommm 

<S) O^Wrx-;l/«rJSbTfc< GaN/1 6 4 tSte 
6 l©#gfia<J;t>— SfcS^K&S. cntt, f^WTx 

70 tt-^f <&S*:i6-efe.£>o Sfc, GaNil6 4£AI0. 10Ga 

o. 9on^ t Lrcm-s, j; -s? 

<D§tm%&lf IC < < 4S„ cnttAIO. 10GaO. 90N^O7j 
Tb^aNM.}; 0 feffiAffitefi^Blftfctt-V&S. *7c. C 
O^-g-, AIO. 10Ga0. 90NSffiAH^T'^ SfcfelC, GaN?S 

^ ^> o 

[00 5 8] (» 7 <DHSS^te) *^^lc^«^ 7 

*<*fg A k:33v»T, Ktt«*atfJ»2**«»-e * * Ga 

[0 0 5 9] *«MO»7fl03*«l*flSU:J:*¥* 

[oo6o] 07 iz*nm&micmz>¥mfo<Dm&j;&. 

B0^UTV>So ■9"7r'('T*0*S»ffi7 1 

rt*EE^3 0 OTorr©7j<SgS?fflSli:U iBAfcifcl 1 
0 CCtS-cmSLTSS? 1 «r*Ql^ L*S©-9— T/l/ 
^ V--y?*&3 1 0»Hlff *5. 
[0 0 6 1] 05 (a) fc^'T.taii:, SStf 3 * 

|«J5 0 OtCSTKSUfc^ SS7 l±lc, m&n.2 
5mmol/min©TMGi:, ■W^a* < 7. 5 L/m i n©NH3 i: , +-V 

^*^2 0nm©GaN«J: ^^SfgiS/^^y 77/8*^2^ 
5o «VT, S«jp*tt 1 0 0 O.'CtcS^SL, ff* 
40 # 1 mm©GaNS 7 2 *fiES$-a"S 0 ?Sa«r^ 8 0 

OtklST-^rgL, *iryT/f^**JRft»SfiBRfcttJE 
LT, hU^^l/^I/Sx^A (TMA) s TMIfc^tfrMG 
*«il&LTJ?S*^ 1 0 OnmcDAIO. lOlnO. !8GaO. 72MJ: 

g«*>P.7j<^tMLT, J*S«<3ninOGaNJB7 4«AS 
[0 0 6 2] KfS^5S««rffi0mUT, i^AfiSS* 
50 ±EO CfflOffilBStf) fcBttUfc. «fi»«»7 3«< 
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13 

&#&U17 3fiGaN@7 1 *S&Xf 7 4 <t 0 F=f 1- 

[0 0 6 3] f£&m7&. M0VPESB«OSJS^e>»ffi 
*iR!>tH-f^ GaN/f7 4i:S«7 l 
tffc*. CM, S«»»B7 3 , rffi»»«*iSCt)» Ga 

N174 tag 7 1 oaHwuiffriueflv < fc^-cv^s 

j|ffi;&SEMT*fit8LTfc, 2-f>?->>x.».-rtT?*-7'y 
*©$*£(* ft. VrffiSEMgURJ: !K »«7 

l fcGaNjl 7 4 fctgffitfglJl 7 3 t»#J86SftTV'>S C t 
jWfBBT*fc. Lftii'oT, HS»lii7 3S:iAn 
ci;fc:<fcD> ffflfflttJ: < g« 7 l i:GaN/17 4%#mt 

5Ctm, GaNS7 4 2 V^xm— U^;WO 
*ffifflGaNgffifc LT^fflfS C ttfRj^-C&So 
[00 6 4] (SI 8 OMHB) J^T, *^OM 8 © 

Jgfgfci, ±lc»ttft©»3ttJl6 : F»cfflV'>6tl*Qar0Ri|«i 

So 

[0 0 6 5] KT, *»WOiB8 0SBIWB«WCJ:Si|m» 
[0 0 6 6] *?\ Jggj«g:£ii*3«i:U t *Sg/&gB©ffl 
[0 0 6 7] ttMtM^SK*inF53£*lca 

asu «**h«*-w» i o o o°cT6mffl?>gmT- 

tt, /MBAtti(Slf^*<»* Ll/Mb*, GaNJf7 4*> 

e>©gigll?fttt^©:?*-^*#lit-f Si: 1 200t 

£fc> 1 000tT?O7r-^HIi 

6 B$IHi: Lfctf, gffitflW 7 3 ©*B#fSt£rg5g{fc-f S 

S^^SSffi^Om-ri:. Sffi7 1 fcGaNif 7 4 a 
^giLTV>5Ct*^^T^^:o <r©<fc5lcL.Tt#e>ft 
fcGaN/17 4(0^ B Sffi«:SEMT-^LTfc, 2-l'>f'> 

tlg?<fc t>, *R7 1 fcGaNJl 7 4 td:£«&NM 7 3 T-# 

«fc<»«7 1 £GaNJl7 4*ttm?Z>C£tf-QZ, GaWf 

7 4£2^:x^XM-l^;V©*ffl»GaNg;Kfc UT 
mm-tZCttfaim-e&Zo ffi, GaNJ17 4&AI0. 10Ga 

o. mmt Lfcm&, M7--;HcJ:5^?^-^ 

4>KV&£l*IC< < 4 S„ CtlttAIO. 10GaO. 90N®O^ 
#GaN/f£t)fc*SII*S£tf&@fcfc*T-&So C 
©«•&, AIO. 10Ga0.90NS«tfft§!{T*€3/c:i6lC, GaN& 

£3(C&So 



(8) fSUfi 2 0 0 1-1 1 9 10 4 

74 

[0068] (jg 9 onm&fm mr. *&w<Dm 9 © 

BBit. it^&S^^^lcfflv^nSGaN^Jf 
f*tSAte*SV»T, £{6i«T'tSGaN 

So 

[0 0 6 9] OT, *»WO»9©j8Jt«ttte«J:**» 
[0 0 7 0] S-T, £AjAS#&fcJ:tflSJlJ«ftJB©«l 

70 3g«±ie© (.mKDmm&M) ttL-?rc<mm-e&z>o 
[007 1] 0 5fcrat8»c N jgA/sg&osts* 

t 'J (H2P04) <DI^ ( PIC§1/, fc— #-± 

T-$«j2 5 o'ctcip^f « 0 w 1 mfflhum-zt, W&l 

1 fcGaNS7 4tfftm?ZU?tfWmt<n, ^©^GaNii 
S„ C © * 3 £ L Tt# P. nfe GaWi 7 4 ©SlESEIIJilg* 

Rffl6SBIttSJ:D, S«7 1 £GaNJl7 4liM»ii7 
20 3 -CtffitL-ri^S C ttftofrifco LfaibT, 

D , $ij»tt<fc < Sffi 7 1 hGaNJS 7 4 S C t *^ 

GaNJ3 7 4«r2^>^'>x^N— ^;l/©^cE8(GaN 
SffitbTiseffl-rSilt^oI^T-feSo iSSx ^x>ybx 

^^y^"©Mlc, ±IB© (^8©*SS»§8) ©f^WTx 
-;l/*S6UT*5< i:> GaN@7 4 i:*«7 1 <Dttm&£ 

*3 o , x -y ^ 7 3 T«a b^-r < * 

50 Sfci6T?feSo Sfc, GaNil7 4*AI0. lOGaO. 90HMt L 
tcm&. <fx>y hx-y^>^fc<J:Sif§S^-^©^# 
*§ttk: < < 45. Ctl&AIO. lOGaO. 90N^©73^GaNjf 
J;0fefSSifS-a-*^@%/c:46TfeS. £tz. 
AIO. lOGaO.SONa^flFiaT^Sfeoi)^, GaN^W^feU 

So 

[0072] (no (ommmm) *nmz.&%$& 1 o 

VfmBm*. ±t^««©|g^?tffll,^tvSGaN 
^0 SGaNS^^MWt^HaT^S.kafC-rSirt^i 

wt-rso 

[0 0 7 3] WT, *ftWV>m 1 0©H8&g<«fc:J:S¥ 

•rs. 

[0 0 7 4] WBlt*tm&mvC&*^W<DW&iT(k 
KJ:t)ffH«n«:llliM{k«**)***»fl:0«j«K 
ffi^^LTV^So S-f, •9-7r'f'Tit)!S:S*«8 1 
©«®«:Kigf««:ffll/>T^}#*f7*3o ^©^, 

fc»«8 \mwmw. cm^-f) ©sjsitprt©if-b 

50 y^t^L, Eft^g^gNof So & N T, RtSitF 
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rt«rflE^3 0 0TorrOzK*»H«i:U iflgfcttl 1 
0 0 i Ck:*-e»fflLTlStE8 l**n»L*ffiO-9— 

[0 0 7 5] j«C, S«*P*»5 0 0lCJCSTI»iaLfe 
ft, Sffi8 1 ±K> #*Sffi2 5mmol/minGDTMGk. 
ffi#7. 5L/min(DNH3k. * * U 7 jff* k L TzkSS k * 
ra«f^«*&"r*Ci:»cJ:?), JV?tf2 OnmtOGaNckOft 

0 0 OttSTRiBU W«*UmroOGaNJB8 2«rJ58g 

s-sso aft*W8 o o'ucst-p&su 

7*X***fr6a«teKMLT, TWkTMG*«lftLT 
JP**\tt 1 0 OnmcDInO. 20GaO. 80N£ 0 &&gffi#S8fUS 
8 3*/iScg£H2:3o ttV^T, TMI OfRI&frff ik L TGaN 8 
4**9 2 Onmj£gbiM£> BtfTMl fcfltfeLTI n0.20Ga 
0. 80Ng&#8£/f 8 3 Km 1 0 0 nmfigg-f £ 0 C CO I nO. 2 
OGaO. 80N/GaN(Offl-&-B'«r5«iaHjjRfib/h«, KlSIFrtO 

aft*tti ooorics^#aL4Hry 7 

6#jRfc:RLT* J»*tf3mm©GaNJi8 5*J«§*^ 

So 

[0 0 7 6] SlSjtP3b^S««:Kt)ttILT^ jg&fiKSS! 
JblBO (HIlomWID fcnWWc, «S»lli8 3# 

[0 0 7 7] «fi*7«, UWPE»BOjEJ«JPfr6a« 
*5Xt)W*ri:> GaNil 8 5kSffi8 

tfU— 1f)tP.aS*^«J:t)SStcGaN^8 5 tS«8 1 
$§T>££o Ctttt, »«»WB8 3T?ffl»«l^jBCD, 

tlT^&fctblC, GaNil 8 5 kg>&8 1 C0^MWSS^3S 
ffiSEMH^ct t) , mm 8 1 kGaN/B 8 5 tiSffiftMUB 8 3 

-e^^nro^cfc^aB-e^fco Lf^st, sis 

#gi£/I8 3*#A*f *cktc<fcD, »J»ttJ;<«*E8 l 

kGaN/18 S^StSCli^TS, GaNil 8 5 €: 2 ^ V 

f»)XA- lx^;l/<7)*ffiaGaNSSi: LT^ffl-r&<: k 

[0 0 7 8] 

tt, tf7r^7aMkGaNS4*»fM^I«fc* mffgGaN^ 
¥SM*JB«fc 0 fe'O K** y yxiM'*— 0/Jv£V^W» 
<M*aW««IH*fl*T^*o If! 1 

*k* GaNjR^ft/BcKOfe/OF^y^ 
x*;l/4 r —0/hSv^*(*JB«3 7Ei3«fet/4 7EiiajB"e 



(9) WN 2 0 0 1- 1 1 9 10 4 

/<? 

SffiL^-rt^o £<Drc*bs Hfttt7x-;K «>x* hxy 

GaMJR^SWWBSr^B-TSCiift^ffiicaio £fc> C 
OH, •9-7T-<7«tE±OGaN3S4 i SI*H*cj!iPteSBE18 

<, GaN»«0*ffi«{fc*nTfi!-ca5So 
[0 0 7 9] *S5W*c«a*2O*W*0»Ja»ffitt.' 

GaNS¥S£f*»<DBBte*J>&< k fe !n*^tylnxGal-xN (0 
<x<1) jR*»{«B«:j«*«*«xa*fll*TV^*o 
[008 0] JB2O*»#<0HJB*»te**k, InJH? 

fc„ *0±ffifcjeaTGaN**»(M*«B'r*IKfc*l 
»«Kc*?)»»tt* < «T'r*o COfcik ^W7x- 
;K <)xy hx^^^yiSJitfU— 1f3tBH**lC-fc 9* In 

«>fc. -9*7 7^7SfikGaN^^«(*:^€r»8t-rSC:k 
[008 1] *3HSK^«*»30¥»*WHifi^tttt. W 

ess i (D^mfcM&fi&icis^r. y-yr-fTmrntte 

^^frGaNI-yAsy (0<y<1) tB#l«*:ie 

3(? <»S«n*ft»l£^ *7r^7»tEkGaN3!5¥Si#Jl 
[0 0 8 2 ] ff 4 O¥#{*c0Si3g^r*ti, t5fES 1 <D* 

1-yPy (0<y<1) ^¥^i*®titB^gS*eci L^*ru^^c 
46tC> *0±ffifcl!BfflT?GaN3R4 s *l*»*WB'r*PRK: 

46K, •9-7rY7StEkGaN^¥«ft:®*»S5i*rSi:i:. 
[0 0 8 3] *»Wfcff**5 0#»{*o«JS*ttfc:J: 

*<a»lW«clWWttfl<»*«ti. *9-77^7SSkGaN 
50 3R4M»#«*»(BH"*cktfprtE»£a*o 
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17 

[0 0 8 4] tH6<T>¥m#<Dm&l5&lZ&Z£. tfifgJg 

7 7 -r 7 w& t s<m*m&® t s c t # Rieitc 

[0 0 8 5] #?gB£K<&;5Sg7©W*©§^73ffi»C<fc 

[0 0 8 6] m8©¥W#^Stfi;£?*fc:J:St, ttjfsm 

im^mtemizttM-tzzttf-zzzo 20 
[0087] *?%wic&2,m9<o¥m&(Dmmfi&ic£ 

% <fc K> & S ¥«{*JM!I*p 5. < SfiOSBfflS^ e> b 
—If ft* S8*f -T S C t tc J: 0 , GaNm^ft:^ K ^ - 
^£-£3. S C t & < t>- 7 r -T T gffi t GaN3%¥W{Wi* 

[0 0 8 8] mi 0<9¥##<9§<ji#i*ti:«}:Sfc, MIS 
JB 1 ©*»{«H3to5fl*»i:»^T, ?&B<J7x-Mc<}; D/S 
y K^-V <y ^x^.;1/^-<0/Jn^VM I IMSfbttJ: D &S 

#w«giois»tt#«ffi»ifeffiT'r*. extent, se. 50 

!f^S8*f«rii*n-r5iltfC<J:!3, 

SnSfc&K, 1f7r^7«ffitGaNIMIMgWf;&#gt 

[0 0 8 9] *f8Wtc^5^ 1 1 O¥9{*<0C!ft#& 
Ci, 1f:7r^7g«fcGaN^^WfO[!8fc:, TB*5<fc 
±B<DGaN^¥J»ft:/l «fc 9 fe £ < <D I nffi? *#tr 1 1 1 ft 

So mi 1 <D¥2g<*©ffl&7??£K<t:Sfc> ^<Oln^ 

fttfflfiKtDW- ( 5 -> tr 'J rf^-y 70 ^SB^lcS: 

^-OTffife<}:^±ffi<DGaN^®<*®«}; 0 1> 
^> F^-V -y :/x*;l^-aVJ<>£i,\&gH:!B: < , mx\i 
Alffl$<9i§j^Alz(lnxGa1-x)1-zN (0<x<1, 0<z<1) 

£ < ■£ts¥WWmm$,&t)' i {&T U XMtsXV** F 



2 0 0 1 - 1 1 9 10 4 

18 

8ffifc±ffi«GaN£iNS&J§£#iS-rS C fctfpJtg 
{CfcS 0 CO^ if7 7"<7««±OGaN^ig 

S * tc , fitgfr tcGam*m#M Icli*? y 
[0 0 9 0] *ftf£lcff«ft l 2 O^WttoHiSSiSfc 

«tst, magi i <D*m#m&i5mc&^T . tmr 

x-;Uc J; K> lnM J ?=£r^< ^tf 1 1 Ift^fk^lJ: t)*S¥ 

■9-7ri'7*Si:GaN^#f*il^gfrsc:tA^ 
[0 0 9 1] mi 3(0^««i:<OSi3g^au:J:5i:, MfB 

mi i o^mwm&^icis^Xy ^yn^f^ 
[0092] *&wic&zmi 4<o¥m&comm.j3mz 

J:St, MflBmi 1 cD^ttSjgtffclcfc^T, ^W7 
x-;wc<k»5 lnli?«:^<#£f I MjKSfcMJ: 0*S^ 

■9-7r-i'7SStGaN?S^»<*e«r^|-rsc:i:^ 

[ o o 9 3 ] m 1 5 cD¥«<*<osijg^f}4 it. tuiem 1 43 
*tfmi 1 <o^m#mm^mms\,>x . mmt^mtti 

S 1 1 mmitWlX. K> *5^Sli*^^AIzGa1-zN (0<z< 
1) Vffil£-ZtlZCt*¥fWlt-?2> 0 C corns. AlzGal- 

tc, SS*^AIzGa1-zNM*^-r5I^O^— 

J^-g-s AlzGa1-zN»«*^liT-^S/'c46^, GaN^W^gfe 

So 

[ 0 0 9 4 ] m 1 6 ©¥«lf*CDl!ijg73 ffiGJB 1 *5 

® ^ttfgift-r «. C «fc 0 , ^<D±SWGaN3S¥Slft:)l 
^:So 

[Sffi£OlB!#^iJiB^] 

[0 1 ] #nw©m i (Dmte&micmz^mwcommfi 
[02] *HB^om 2 ©sjffijBfigic&s #^©sajg^ 

[0 3] 2|s:^B^<om30^SgJBfiglC^S¥jS»iOSJg^ 
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sac* of^wsnfci i \mmm*mft<Dmfimmm- 

[0 5] *^com5 0»ffi^C^^^»<DSiii7i 

[0 6] *ftwom6o&m&mfc&%¥®f*<ommx 

sic * ofp«snfei i mmit^mwomf&mmm 
7? mc <fc o fWH« nfc 1 1 1 fl«{bft¥«tt0ttrtKSH 

[W^oittH^] 

1 1 t77^7M 

1 2 GaN/1 

13 InO. 20GaO. 80Nfi£^|BJB 

1 4 GaN/1 

1 5 \rm&&&^w* 

16 

2 i ^-yr^rmWi 

2 2 GaN/1 

2 3 GaNO. 96AsO. 04jt£^RUI 

2 4 GaN/1 

3 1 1^77^7Si 
3 2 GaN/3 

3 3 GaNO. 96P0. 04££g»|ttje 

3 4 GaN/1 



(11) 4$Hfl2 0 0 1 - 1 1 9 10 4 

20 

4 1 lJ-77f 7S« 

4 2 GaN/1 

4 3 InO. 20GaO. 80N££ftAHi 

4 4 AI0.10Ga0.90N® 

5 i tJ-^r-fTSffi 

5 2 GaN/1 

5 3 InO. 20Ga0. 80N&K#RtJI 

5 4 GaN/1 

5 5 InfirtOg^flM 
70 5 6 Y 

5 7 X^^Vif«tlfefiB« 

6 1 i^7r-r7«« 
6 2 GaN/1 

6 3 I nO. 20Ga0. 80Ngffi#$l/f 

6 4 GaN/1 

6 5 m^mmm 

7 1 -tf-^r-YTSS 
7 2 GaN/3 

7 3 A 1 0. 1 0 1 nO. 1 8Ga0. 72N£tit#MUi 
20 7 4 GaN/1 

8 1 U-^T-TTSffi 
8 2 GaN/1 

8 3 InO. 20GaO. 80Ng$g#l8Uf 

8 4 GaN/1 

8 5 GaN/1 



[02] 



[0 3] 



[|§14] 






[07] 
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[08] 




(13) 



&m 2 0 0 1-1 19 10 4 



[0 6] 



(a) 



<b> 




(C) 




(72) nwm ittt # 

(72)fgBJ!# 7f:pp m 



F*-.M##) 5F041 AA40 CA34 CA40 CA65 CA73 

CA77 FF16 
5F043 AA16 AA37 BB10 BB27 DD02 

DD07 DD30 GG10 
5F073 AA51 BA06 CB02 0A05 DAI 6 

OA 17 DA35 EA18 EA29 
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